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One of the most interesting and important problems connected 
with the results of Echinoderm hybridization is the determination of 
the factors influencing the appearance of maternal or of paternal 
characters in the hybrid embryo. 

VERNON (1898, 1900) showed a seasonal variation and tried to 
show that the characters of the hybrid pluteus are dependent on the 
relative ripeness of the eggs and of the sperm used in the crosses. 
DONCASTER (1904) concluded, as a result of his experiments, that the 
temperature of the water, in which the embryos develope, is the 
determining factor. HERBST (1906a, 1906b, 1907) in an extended 
and able series of papers, expressed his conviction that while tem- 
perature was a contributing factor, it was not the only one and 
showed that the dominance might be swung toward the maternal side 
by a combination of artificial parthenogenesis and fertilization. 

This paper deals with the identification of this additional factor. 
The experimental evidence upon which it is based shows that while 
the theories of the investigators mentioned are correct, they do not 
present the whole truth. 

The actual factor determining the dominance is directly concer- 
ned with differences of season and of temperature, but these two 
factors arc simply contributory. 

The  f a c t o r  d e t e r m i n i n g  the d o m i n a n c e  is the  v a r i a t i o n  
in a l k a l i n i t y  of  t h e  s e a  w a t e r  in w h i c h  t h e  e m b r y o s  
d e v e l o p e .  
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This variation is probably dependent on season and temperature. 
I know of no analyses of the sea water which show a variation, 

toward or away from neutrality, correlated with change of season 
and of temperature. That during the same season sea water in dif- 
ferent localities shows a variation in reaction, we have abundant 
evidence. 

It is merely a matter of speculation then, when I suggest that 
the artificial conditions that I produced, which enabled me to control 
dominance at will, correspond to natural conditions at different sea- 
sons of the year. 

Algae, growing in the sea water, are credited by LOEB (1906) 
with causing it to become alkaline. It would seem in general that 
with the increased temperature during the warmer months there 
would be an increased solution of phosphates and of carbonates to 
which the alkaline reaction may be due. 

Be this as it may, the results of my experiments show a definite 
effect of a change in environment on the character of the embryos, 
an effect due to the decrease in the concentration of OH ions, brought 
about by the addition of an acid to the sea water. 

The Nature of the Cresses. 

My own work (1908) on Echinoderm hybridization has, until the 
present summer, contributed nothing toward the determination of the 
cause of the resemblance of the hybrid pluteus to that of one or the 
other of the two parents. Working at the sea shore during the sum- 
mer months only, from all of the crosses that I had made, I bad 
obtained only maternal hybrids, that is, embryos showing the char- 
acters of the plutei of the egg parent. 

I was therefore much interested in finding, while working at 
the Marine Laboratory of the Carnegie Institution at the Tortugas 
during June and July, two forms which not only crossed readily in 
one direction, but which crossed reciprocally and which gave, on 
the one hand, a paternal, and on the other, a maternal pluteus. 

These two forms are Toxopneustes variegatus and Hipponog esc~- 
le~ta. The HippoTw~" ~ Toxopneustes g2 cross gave paternal plutei, 
that is, plutei showing the embryonic characters of the pure Hippo- 
no~ pluteus. The reciprocal cross, To.copneu~tes ~ X Hi pponob" ~., 
gave maternal plutei, that is, as in the other cross, plutei with Hippo- 
aoy characters. 
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In these two hybridizations then, Hipponoy influence was stronger 
and the Hipponoy characters exhibited in the larvae may be called 
dominant over the Toxopneustes characters. 

The material was peculiarly fortunate in that the crosses were 
made in either direction with great facility. In neither case was it 
necessary to use a reagent in order to induce fertilization. 

The Characters of the Pure Plutei. 

The eggs of Toxopneustes are larger than those of Hippono~'. 
The comparative diameters in micrometer eye piece units being on 
the average, Toxopneustes 26 X 25, Hipponod" 19 X 19. 

After direct fertilization 
the first cleavage in Toxop- Fig. 1. 
neustes begins in from 37 to 
45 minutes; in Hippo~w~" in 
from one hour to an hour // 
and ten minutes. ~Y Little need be said re- / 
larding the normal larvae 
of Toxx~pneustes or of Hippo- 
noy. They correspond closely 
to the plutei of Strongylo- / /  
centrolus lividus and to those / j  
of Sphaerechinus granularis 
respectively. 

In the Toxopneustes pla- 
tens, Fig. 1, the skeletal rods 
in the anal arms are single 
rods with slight thorn-like 
protuberances. In the apex 
of the posterior end of the body, the rods of the body skeleton 
come together, at least in plutei up to the fourth day, to form a 
comparatively simple i t . 

In the Hippono~ platens, Fig. 2, the skeleton of the anal arms 
is of the ladder or latticed type, the three longitudinal rods being 
united by numerous cross bars to form a triangular ladder-like 
structure. In the posterior part of the body the rods of the anal 
body skeleton unite with those of the oral body skeleton to form a 
basket-like structure. 

1" 
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In my presentation of the evidence of Hippa~w~ dominance I shall 
confine myself  closely to the evidence afforded by a comparative 
study of the skeletal characters of the purely bred and of the 
hybrid plutei. 

From a prolonged study of pure Toxopneustes plutei, the results 
of which I am about to publish, I am convinced that characters such 
as the form of the larvae, in nearly similar forms, the number, pigment- 
content and arrangement of the chromatophores, and comparative mea- 
surements of parts of the body are of too variable a nature to 
afford safe criteria upon which to base conclusions of importance. 

I s h a l l  r e g a r d  t he  p r e s e n c e  of  m o r e  t h a n  one  r o d  in t h e  
a n a l  a r m s  as  an  i n d i c a t i o n  of  Hipi~oJ~o~" i n f l u e n c e .  

It may be urged that 
Fig-. 2. the intra specific variation 

of the skeleton is so great  
that I have no right to use 
any part of the skeleton as 
the basis for the conclusions 
that I am making. 

Vr:R~oN (1898) has ob- 
served multiple rods in the 
anal arms in 350/o of the 
pure Stro~,gylocentrot~ls plu- 
tei obtained from one ex- 
periment, and S'rEIm~Ri)CK 
(1902) noted a considerable 

number, in some cases a high percentage, of such abnormalities. 
In my own investigations on To.ropne~stes, referred to above, 

during which cultures were made from some hundreds of individuals 
and measurements made which involved the careful examination of 
several thousand plutei, this variation was found noticeably in em- 
bryos from the eggs of two individuals. In one case it was found 
in one per-cent and in the other in three per-cent of the plutei exa- 
mined. In other cultures it occured as an occasional variation, that 
is, as a variation of much less than one per-cent. 

The pure cultures made in 1909 as controls for the hybridization 
experiments showed an occasional pluteus which this variation, hut 
the number never was great enough to exclude the advisability of 
considering the common appearance of more than one rod, a Hippo- 
noY character, as ~n indication of Hipponob" influence. 
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I feel justified in concluding that when I have two cultures of 
eggs from the same individual, side by side, both having been sub- 
jected to the same treatment, save that one is a direct and the other 
a cross fertilization, the occurence of a high percentage of plutei 
with multiple rods in the anal arms, in the cross-fertilization culture 
only, is abundant evidence of the influence of an ancestry not to be 
found in the direct fertilization. 

Briefly then, I regard multiple rods in the anal arms as an in- 
dication of Hippono~" influence. 

The Characters of the Hybrid Plutei. 

The best results from cross fertilization were obtained with the 
Hippono~" eggs when these were fertilized two and a half  hours after 
their removal from the ovary and with the Toxopne~.~tes eggs when 
they were fertilized six hours after their removal from the ovary. 

The time elapsing between fertilization and the first cleavage 

Hip. ~ hybrid the was distinctly that belonging to the egg'. In the Tox. 

first cleavage began in forty to forty-five minutes after fertilization. 
Tox. ~. 

In the Hip. C7 hybrid the time elapsing between fertilization and 

cleavage was from one hour to an hour and fifteen minutes. These 
statements are true for fertilizations in ordinary sea or water in sea 
water whose alkalinity had been changed for the purposes of the 
experiment. 

The number of eggs fertilized in the crosses ranged from sixty- 
seven to eighty-two per-cent. 

The resalt of the crosses is readily abown in tabular form. A 
few words of explanation will make the meaning of the headings of 
the columns clear. 

�9 Plutei with lattice structure% are plutei which have parallel 
rods connected by cross bars in one or both anal arms. 

Anal arm rods with lattice structure r designates the total number 
of anal arms, of the plutei considered in the preceding column, which 
have a skeleton composed of parallel rods connected by cross bars. 

~Arms more than one rod% indicates an anal arm skeleton of 
more than one straight rod. 

,,Perfect Hipponoi: Rods~, nre anal arm rods which are as perfecf 
as those found in purely bred Hipponoe" plutei. 



6 D.H. Tennent 

~Perfcct Toxopne~tstes Rods~, indicates a single straight rod with 
thorn-like protuberances. 

~Perfect Toxopneustes Plutei<< and >>Perfect Hippono~ Plutci<~ in- 
dicate respectively plutei of the normal Toxopncustes and Hippono~" 
type. 

T a b l e  I. 

Summary of results of cross fertilization in ordinary sea water. 

Number of plutei studied, 50, Temperature of water 28.5 ~ C. 

?lutei with Anal arm Arms Perfect Perfect Perfect Perfect 
Cross latt ice I rods with lat t ice more than Hippo~w~' 7'oxop~e~t~- 'l'oxopn~- H~ppo~toc 

s!ructure I structure one rod rods ] tes rods les tflutei plutei 

Hip. (~ 
Tox. 
Tox. 
Hip. g2 

33 

37 

60 

58 

39 

40 

14 1 

30 2 

5 

12 

I have taken the latticed character of the skeleton in the anal 
arms as the indication of HipponoY dominance with respect to skeletal 

characters. Of the fifty Hip. ~ embryos studied every one showed 
Tox. 

HipponoY influence. (As stated before I regard the presence of more 
than one rod in the anal arms as the indication of Hippono~" influence). 
In 660/0 of the fifty plutei studied, arms with a latticed structure 
were noted. No perfect Toxopneustes plutei were obtained, while five 
perfect Hippono~" plutei were found. 

Tox. ~ embryos Hipponog influence was noted in all of In the Hip.~-~ 

the plutei studied. In 740/0 of these, arms with a latticed structure 
were found. Twelve plutei of the normal ttippono~ type were noted. 

A consideration of these facts convinces one of the prepon- 
derance of Hippono~ influence. 

The Conditions under which Hippono~ Dominance occured. 

Having noted the fact that in the normal conditions ttippo~w~" 
dominance was manifested, an analysis of these conditions, and the 
result of their modification is of interest. 

The work was done in June and July. The temperature of the 
water varied during the progress of the investigation from 28 ~ C. 
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to 29.5 ~ C., conditions which approximate those under which VER~O~ 

Strongylocentrotus ~ embryos 
found Sphaerechinus dominance in his Sphaerechinus ~.--- 

and by the modification of which DONCASTER and HERBST succeeded 
in changing the character of the plutei from such fertilizations. 

An additional factor in the environment shows itself to be of 
importance. This factor is found in the reaction of the sea water. 

During the time that this work was in progress the sea water 
was distinctly alkaline, sufficiently alkaline to turn red litmus paper 
to a distinct blue in five minutes and to a uniform deep blue in 
seven minutes. The consideration of this factor resolved itself into 
the determination of the possibility of bringing about a modification 
in embryos obtained from cross fertilization by an increase or by a 
decrease in the alkalinity of the sea water. 

The Effect of an Increase in the Alkalinity of the Sea Water. 

With an increase of alkalinity of the sea water, brought about 
n 

by the addition of lb Na0H, the plutei obtained were of the HipponoY 

type, the increased alkalinity causing no modification. A slight in- 
crease of Hippono~" influence is apparent .  

A series of experiments for determining the effect of varying 
degrees of increase in alkalinity was carried out. I give one table, 

n 
Table II, showing" the effect of the addition of twenty drops 10 NaOH 

(1 drop -= J/is ccm.), to four hundred cubic centimeters of ordinary 
sea water. 

The eggs from which the plutei were obtained, were placed, 
immediately after being removed from the ovary and washed, in the 
sea water whose alkalinity had been raised. The H~pponogeggs were 
fertilized two and a half hours later, in this solution, with Toxop- 
~wustes sperm. The To.ropneusles eggs were allowed to remain in a 
similar solution for six hours and fertilized with Hipponog sperm. 

After fertilization the eggs were changed to more of the same' 
solution, in which they were kept until it was possible to pour the 
swimming blastulae into ordinary sea water, which was changed fi'om 
time to time during the days through which the investigation was in 
progress. 



D. H. T e n n e n t  

T a b l e  II. 

Summary of results of cross fertilization in sea water 
of increased alkalinity. 

Number  of  p lute i  s tudied,  50. Tempera tu r e  of  water  29 ~ C. 

I 
i A n a l  a r m  

P l a t e i  with [ rods with 
('ross lattice ~ l a t t i c e  

structure 
structur.  

)'ox. ~ i 
Tox. d 

--- 40 62 t/@. 

A r m s  

m o r e  than 
o n e  r o d  

40 

38 

P e r f e c t  

H@pouoc 
rods 

i 

P e r f e c t  I P e r f e c t  P e r f e c t  

l'oxopnell.~- I Toxopne.s- Hl'pl,o~wi 
tes rods I tes pluiei plutei 

I 

15 ~ 2 0 3 i i 

31 0 0 10 

The Effect of a Decrease in the Alkalinity of the Sea Water. 

With a decreased alkalinity, brought about by the addition of 
Tt n 

i0  Acetic Acid or 10 Hydrochloric Acid, the plutei obtained, showed 

the effect of an influence tending to swing them toward the Toxop- 
neustes type. 

Table III gives a summary of results obtained with Acetic Acid. 
The treatment given the eggs and embryos was similar to that noted 
above, with the exception that the eggs, after removal from the ovary 
were transferred to and fertilized in 400 ccm. sea water q -20  drops 
n 

10 Acetic Acid. 

Table  III. 

Summary of results of cross fertilization in sea water 
of decreased alkalinity, Acetic Acid. 

Number  of  plutei  s tud ied  50. Tempera ture  29 ~ C. 

Cross 
Plutei w i t h  

l a t t i c e  

structure 

A n a l  a r m  
Arms 

r o d s  with 
m o r e  t h a n  

l a t t i c e  
o n e  r o d  

structure 

7 62 
Hip. c~ 
Tox. o 

9"ox. 
Itip. 12 23 68 

P e r f e c t  

HQJponoe 
r o d s  

P e r f e c t  

ToxolJ~leus- 
tcs r o d s  

31 

9 

i 

P e r f e c t  P e r f e c t  
�9 i loxol ,  eus- , Hipponoe 
t~s plutei plutei 

I 

7 0 

3 1 

1) It  will be s een  that the total  number  of  anal arms of  the Toxl ~ is 99. 

This  is because  one  p lutens  l acked  all traces  of  one  arm. 
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This table shows very clearly that the effect of the addition of 
the acid has been to swing the dominance toward the maternal side. 
That this result is not due to the specific effect of acetic acid is 
indicated by the results of fertilization in sea water whose alkalinity 
has been decreased by the addition of Hydrochloric Acid (400 ccm. 

sea water + 10 drops 10 Hydrochloric Acid). 

/-Tip. c-~ combination was the only one studied. The Tox. 

T a b l e  IV. 

Summary of results of cross fertilization in sea water of decreased 
alkalinity, Hydrochloric Acid. 

Number of plutei studied, 50. Temperature 29.5 ') C. 

I 
A a a I  arm Plutei with ] Arms 
rods w~th i 

Cross l a t t i c e  more  t h a n  lattice 
S~l'ucture one  rod 

s tructure  

Hip.6 
7bx. ~ 5 8 56 

Perfee~ 
H~),peuoe 

rods 

P e r f e c t  P e r f e c t  
lbxolme~,s- Toxop~e~ts- ! 

tcs rods tea plutei 

i, 

40 lO 

P e r f e c t  
lfiptwnoe 

plutei 

0 

The effects caused by the reduction in concentration of the 
OH ions is strikingly shown when the corresponding parts of tables I 
and II[ arc placed in contrast. 

T a b l e  V. 

Comparison of results of cross fertilization in ordinary sea water 
with results of cross fertilization in sea water of reduced alkalinity. 

Hippono~ 
To,ropneustes ~2 

P l u t e i  wiLh A n a l  arm 

Cross Medium la t t i c e  I rods  w i t h  

I structure I l a t t i c e  
s t ruc ture  

Tox. 33 60 
I i i i 

Hi~. A, iSeaWater: i 
,.--~Z I + Acetic [ 7 7 
lox. ~: I Acid i 

l Arms  P e r f e c t  
i more  t h a n  Hippo~w~ 

one rod rods  

! 
39 14 

62 1 

P e r f e c t  P e r f e c t  P e r f e c t  
Toxop- Toxop- Hipponoe 
no.ales mustes p l u t e i  

rods p lu te i  

1 0 5 

31 7 0 
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Tab le  VI. 

Comparison of results of cross fertilization in ordinary sea water 
with results of cross fertilization in sea water of reduced alkalinity. 

Toxopnews, tes 
Hippono~: 

Plutei with An~l arm I Arms Perfect .i Perfect l 'orfoct Perfect 
rods with I more than HippoJ to i  l 'oxol~-  T ,  x o p -  tJ i lJpoj . j  ~ 

(.'ross Medium lattice lattice rod. rods , I*e~t.sl~.~ Jr, , s l~ .s  
structure structure I one J rods plu/ei plutei 

Hip.-~-- 37 58 40 30 2 [ 0 12 

I 

Tox. ~ 12 2"~ i Hip. ~ 68 4 : 9 3 1 

The consideration of these tables reveals several points of im- 
portance. 

1st. The number of plutei with lattice structure is greatly rc- 
dueed by fertilization in sea water of reduced alkalinity. 

2rid. Corresponding with this, there is, of necessity, a reduc- 
tion in the number of anal arm rods with lattice structure. 

3rd. The ~)Arms more than one rod, are increased. This shows 
a lessening of the Hippono~" influence but indicates that it has not 
been completely dominated by the Toxopneustes influence. 

4th. Perfect Hippono~ rods strikingly lessened. 
5th. Perfect To~:opneustes rods increased. 
6th. The number of To.ropneustes plutei increased. 
7 th. The number of Hippono~ plutei lessened. 

Summary. 
The outcome of the investigation may be summed up in the form 

of equations. 

I. O r d i n a r y  Sea  W a t e r .  

Hippono~ ~ ~ Dominant H:ippono~:. 
Toxopneuste~" ~_ 

To.rop~eustes (:7 _~ Dominant H~ponoh'. 
Hipponob" Q. 

II. Sea  Wate r -k -  NaOH. 

Hipponoy C~ ~ Dominant Hipponog. 
Toxopneustes ~_ 
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Toxopneustes ~ _ ~  Dominant Hipponot;. 
Hipponoy ~_ 

III .  Sea  W a t e r - ~  Acet ic  or H y d r o c h l o r i c  Acid. 

Itippono~" ~ ~ Dominant Toxopneustes. 
To.~'opneustes ~. 

Toxopneustes J _ Dominant Toxopneustes. 
Hipponog ~. - -  

Discussion of Results. 

Although this paper is in the nature of a partial account of the 
investigation, it may not be out of place to mention some of the 
points of contact between this and other work on the same subject. 

VERNON'S explanation that the fact that summer and winter hy- 
brids differed, was due to comparative ripeness of the sexual pro- 
ducts, has not been substantiated by the work of DO,CASTER and 
of HERBST. 

The fact that in the two species with which I worked, there 
was a dominance of one over the other and the fact that this dom- 
inance is transmitted either through the agency of the sperm or the 
egg, makes it impossible for me to substitute ,maternalr for ,sum- 
met,, and ,paternal,~ for ,winter, hybrids and prevents me from 
discussing results along precisely the same lines as those followed 
by other investigators. 

HERBST showed an optimum OH ion concentration in the sea 
water of the Gulf of 51aples for Echinus and Sphaerechinus develop- 
ment. The conditions observed at Tortugas indicate a higher con- 
centration optimum for Hipponog and a lower concentration for Toxop- 
~astes. This suggests ,specifics, tendencies for various grades of 
alkalinity. 

In the immediate question of Echinoderm hybridization I shall 
notice but one point. HERBST'S position (1906b, p. 496), when he 
localizes the control of dominance within the egg itself is an aban- 
donment of the idea of the efficacy of external factors. I f  I under- 
stand his position he disregards the cause of the nuclear changes 
which have been set in motion by the impulse to parthenogenesis 
and considers only the effect. In other words, he regards the result 
as though it were a factor. 

In his series of papers on heredity and its control, HERBST has 
shown the influence of temperature, an external condition, to be a 
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partial factor. In his work of 1906--1907 he has not shown what 
the impulse toward parthenogenesis is; he has simply shown its 
manifestation as exhibited by nuclear change. He has shown that 
by his method an impulse which is persistent is given to the egg, 
an impulse which is not wholly overcome by the influence of the 
sperm cell. 

I hold this view because of the results of my own work on the 
starfish egg (1906), which involved a combination of artificial par- 
thenogenesis and fertilization, in which I showed the persistence of 
the parthenogenetic influence and that this influence is partially over- 
come by the subsequent fertilization, by the fact that fertilization 
hastens the first cleavage. 

From my results with the hybridizations discussed in this paper 
I believe that HERBST, in the combination of parthenogenesis and 
fertilization, was working with precisely the same external factor as 
that with which I worked, that is, with a reduction in the concen- 
tration of OH ions. In HERBST'S method the treatment was sufficient 
to cause artificial parthenogenesis. In my method, the same factors 
applied differently did not result in parthenogenesis, but caused a 
change in the cytoplasm of the egg, corresponding to that brought 
about in the nucleus (or in the cytoplasm earlier), by HERBST'S method. 

On the basis of the observations here considered, I contend, then, 
that the factor controlling the direction of the course of dominance 
in the eggs with which I worked is the strength in concentration of 
OH ions in the sea water and I suggest as a possible explanation of 
HnRBST'S results that the effect observed by him had its cause in 
similar conditions. 

Summary. 

Hippo~w~; ~ and the reciprocal cross 1) The cross Toxopneustes ~_ 
To.rop,~enstes 

were easily made after allowing the eggs to stand tt,~pono~ g2 
in sea water for some hours before fertilization. 

2) In the embryos of both crosses made in ordinary sea water, 
which was alkaline, the Hipponoe" influence showed a tendency to 
predominate. 

3) In the embryos of both crosses made in sea water of in- 
creased alkalinity, there was evidence of an increase of Hippo~og 
influence. 
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4) In the embryos of  both crosses made in sea wate r  of  decreased  

alkalinity, a t endency  toward  Toxopneustes dominance was  evident.  

5) The results thus show Hippono~ dominance in sea wa te r  of  

a higher  OH ion concentrat ion and  Toxopneustes dominance  in sea 

water of  a lower OH ion concentra t ion.  

6) I suggest  that  these variat ions in the  a lka l in i ty  of  the sea water~ 

brought  about artificially, m a y  correspond to normal  seasonal  changes.  

7) I f  this be true, the winter  (paternal) embryos  and  the summer  

Strongylocentrotus ~ of  other 
(maternal) plutei of  the combinat ion Sphaerechinus 

investigators,  had their origin in such normal  seasonal  changes  of  
OH ion concentration. 

8) The  results of  the invest igat ion suggest  specific tendencies  
toward  different grades  of  alkalinity.  

Bryn Mawr College, B r y n  M a w r ,  Pa.  

Zusammenfassung, 
Toxopneustes (~ Hippono~: ~ und die reziproke Kreuzung Hipponot; 1) Die Kreuzung Toxopneustes ~: 

licgen sich leicht anstellen, nachdem man die Eier einige Stunden vor der Be- 
fruchtung in Seewasser stehen gelassen hatte. 

2) Bei den in gew0hnlichem, alkalisch reagierendem Seewasser erhaltenen 
Embryonen beider Kreuzungen zeigte der Einflui3 von Hippo~ot: eine Neigung 
zu pr:,~dominieren. 

3) Bei den in Scewasser yon vermehrter Alkalescenz hergestellten Embry- 
onen beider Kreuzungen zeigte sich deutlich ein Anwachsen des Einflusses yon 
Hippo~w~'. 

4) Bei den in Seewasser yon verminderter Alkalescenz hergestellten Em- 
bryonen beider Kreuzungen war eine Tendenz im Sinne der Domination yon 
Toxop~eus/es unverkennbar. 

5) Die Ergebnisse zeigen also eine Hippo~o~'-Domination in Seewasser mit 
h0herer Konzentration der OH-Ionen und eine Toxop~eustes-Domination in See- 
wasser mit geringerer Konzentration der OH-Ionen. 

6) Ich m6chte annehmen, dab diese ktinstlich hervorgebrachten Unter- 
sehiede in der Alkalescenz des Seewassers mit den normalen Ver~nderungen je 
nach der Saison iibereiustimmen. 

7) Ist dies wirklich der Fall, so liegt die Veranlassung zur Entstehung der 
Winter- (vliterlichen) und der Sommer- (miitterlichen) Plutei der Kombination 

SLrongylocenlrotus ~ andrer Forscher in derartigen normalen Saisonveriindernugen 
Sphaerechinus ~2 

der OH-Ionenkonzentration. 
8) Die Untersuchungscrgebnisse lassen spezifische Tendenzen gegeniiber 

verschiedenen Graden der Alkalescenz annehmen, Ubersetzt W. Gebhardt. 
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